Abstract This essay estimates the health effects of increasing the normal retirement age using Swedish administrative data on drug prescriptions, hospitalizations, and mortality. To this end, I use a reform that raised the age at which broad categories of Swedish local government workers were entitled to retire with full pension benefits from 63 to 65. Estimating the effect of the reform on individuals' health within the age range 65-69, the results show no evidence that the reform impacted mortality or health care utilization. Increasing the normal retirement age may thus have positive government income effects without seriously affecting short to medium run government health care expenditures.
Introduction
Many countries have responded to increasing life expectancy by raising retirement age thresholds while others have announced future increases. 1 The key rationale for
Previous literature
Empirically investigating the causal effects of retirement on health is a difficult task because the retirement decision is endogenous to health. Workers in good health are more likely to retire late, meaning that the simple correlation between health and retirement is likely to be positive. To properly assess the effect of retirement itself on health, we need independent variation in retirement timing. The most frequently used instrument is age-specific retirement incentives, such as early retirement windows or eligibility age thresholds. This strategy has been used both in cross-country studies (e.g., Rohwedder et al. 2010; Sahlgren 2012; Heller-Sahlgren 2017; Mazzona and Peracchi 2012, 2017; Coe and Zamarro 2011; Godard 2016 ) and in within-country studies (e.g., Charles 2004; Bound and Waidmann 2007; Neuman 2008; Bonsang et al. 2012; Gorry et al. 2015; Behncke 2012) . The identifying assumption is that the instruments affect health only indirectly through their effects on the age of retirement. This is a strong assumption for several reasons. First, workers who anticipate that there are financial incentives to retire at a certain age may adjust their behavior before retirement (Coe and Lindeboom 2008) . Second, absent any behavioral response, workers who are subject to different retirement rules may differ with respect to unobserved variables (Kuhn et al. 2010) . For example, individuals with a bad latent health state might be more likely to choose jobs where they can retire early. Third, reaching the eligibility age or the normal retirement age may have a direct impact on health if it is considered a milestone in a person's life (Behncke 2012) .
Researchers have turned to reform-based variation in retirement timing to deal with these issues. Comparing individuals affected by a reform to individuals who are not means that we do not have to worry about the underlying reasons why individuals chose their respective occupation in the first place. This approach also overcomes the issue of individuals adjusting their behavior before retiring, provided that the reform is not fully anticipated by the individuals. The reform studied in this paper was announced only 1 year prior to its implementation, therefore giving workers little opportunity to increase their retirement income in ways other than retiring later.
A number of studies have used variation from reforms that make early retirement more attractive. The general result from these studies suggests that increasing the retirement age would contribute to a deterioration in population health. 2 However, such generalizations may be misleading if the potential effects of a change in the actual retirement age due to an increase in the retirement age are different from the corresponding effect that follows from lowering the earliest eligibility age. Early retirement reforms often contain elements of involuntary retirement, which makes it difficult to separate the potential effects of the reform itself from those of a change in the actual retirement age. They also target select groups of workers in industries or occupations in need of re-structuring.
The evidence from reforms that promote longer working lives is more scarce. While reforms that promote early retirement typically were introduced in the 1970s and 1980s, reforms that promote longer working lives were introduced after the 1990s. Atalay and Barrett (2014) exploit variation across birth cohorts in the eligibility age for women from the Australian 1993 Age Pension reform and find that retirement has a positive impact on health. Lalive and Staubli (2015) , on the other hand, find no strong evidence of an effect on mortality from a Swiss reform that raised women's full retirement age from 62 to 64. This study contributes to this literature by using administrative data on both cause-specific mortality and the utilization of health care.
The reform-based approach has also been subject to critique. One critique is that the approach potentially captures other things than the "pure" effect of retirement on health. For example, a change in the pension system's rules close to retirement might impact health before the individual retires (de Grip et al. 2012 ). In the context of this paper, raising the normal retirement age with short notice might have been perceived as unfair, which may have impacted (mental) health negatively. However, the new retirement age for the affected workers was already the normal retirement age in all other occupational pension plans, both in the public and private sector. This should have played down feelings of disappointment and frustration among the affected local government workers. Nonetheless, the intention-to-treat effects will inevitably capture a combined effect of working longer and of having retirement plans change unexpectedly due to the policy.
Another potential problem with the reform-based approach, if our aim is to estimate the effects of retirement on health, is that pension reforms might have limited effects on retirement behavior. The smaller the retirement response, the less likely we are to detect economically significant effects on health. Given the findings in the literature on the retirement effects of pension age increases, the estimated 5-month increase in the actual retirement age from a 2-year increase in the formal retirement age is in the lower bound of the expected range. 3 Now, 5 months of additional work is 2 Coe and Lindeboom (2008) , Bloemen et al. (2013), and Hallberg et al. (2015) find that (early) retirement is associated with an improvement in well-being. An exception is Kuhn et al. (2010) , who find that access to more generous early retirement rules increased mortality among male blue-collar workers in Austria. 3 For example, Mastrobuoni (2009) and Song and Manchester (2007) show that the labor force exit in the USA amount to about half the age increase. Hanel and Riphahn (2012) and Lalive and Staubli (2015) show that the Swiss 2-year increase delayed women's average exit by 7.7 months.
not small compared to the other reform-based studies discussed above. And the fact that we focus on additional work close to the normal retirement age, as opposed to the earliest eligibility age, among workers in both physically and mentally demanding occupations, also suggest that meaningful effects on health could be detected. Note, however, that even absent any retirement response, it is relevant from a policy perspective to estimate the health effects of retirement age increases. The effects on health could, e.g., operate via lower lifetime income. The potential income effects of the reform studied in this paper are investigated in Section 5.3. This paper relates more broadly to a literature that tries to estimate the causal effect of retirement on health. To get a picture of the results in this literature, Table 12 gives a brief summary of the empirical methods and key findings of 26 selected articles in the health-economic literature. Two of these studies report zero effects of retirement. Thirteen studies report that retirement has a positive effect on health, whereas the remaining eleven conclude that retirement is in fact associated with a decline in health. That research finds mixed results reflects the underlying theoretical ambiguity about the sign of the effect. On the one hand, new retirees may lose some incentive to invest in their health, as their income is no longer dependent on health. Retirement might also lead to a general decline in physical activity if work constitutes the primary form of exercise. On the other hand, retirees have more leisure time with which to engage in physical activity or healthier diets, and are also relieved from work-related physical strain. The net effect of retirement on mental health is also difficult to predict. Retirement might have a positive impact on mental health through increased sleep duration (Eibich 2015; Vahtera et al. 2009 ) and diminished work stress (Midanik et al. 1995) but could also increase social isolation and depression (Börsch-Supan and Schuth 2014; Dave et al. 2008; Heller-Sahlgren 2017) . Even though these papers differ along several important dimensions, such as the population being studied, health outcomes and empirical methodology, these contrasting results are also likely to stem from the lack of convincing empirical strategies to deal with endogenous selection into retirement.
The occupational pension system

Retirement benefits in Sweden
Sweden's pension system has two main pillars, a universal public pension system and an occupational pension system. Swedish retirees generally receive most of their pension income from the public pension system, but the occupational pension system is an important complement. The occupational pension system consists of a number of different pension plans that are negotiated at the union level and cover large group of workers. In fact, the four largest agreement-based occupational pension plans cover around 90% of the total work force. These include the pension plan for blue-collar private sector workers, white-collar private sector workers, local government workers, and state-level government workers, respectively. The focus of this study is the pension plan for local government workers.
The occupational pension reform for local government workers
The pre-reform occupational pension plan for local government workers, called PA-KL, covered local government workers born before January 1, 1938. PA-KL was defined benefit and directly coordinated with the public pension system. PA-KL stipulated that the sum of the annual occupational pension benefit and the public pension benefit should amount to a certain fraction of the individual's pre-retirement income. The occupational pension would always pay out the residual amount net of the public pension benefit to reach a certain replacement rate. In year 2000, the gross replacement rate amounted to 73% for a female local government employee with an average wage rate who retired at the age of 63. If the public pension accounted for 60%, the occupational pension benefit would amount to 13% of her qualifying income. Thus, local government workers only needed to know about the gross replacement rates to get a full picture of their retirement income. 4 In the pre-reform pension plan, the age at which full or unreduced retirement benefits could be withdrawn, i.e., the normal retirement age (NRA), was different for different occupations. The NRA was either 63 or 65. Early withdrawals could be made from the age of 60, but the penalty rate at a given claiming age, i.e., the reduction in the gross replacement rate, was different depending on what NRA the worker faced. Here, I focus on workers who had a NRA of 63.
Workers who faced a NRA of 63 could retire at this age with a full benefit. The benefit was not actuarially increased for claims made after 63, which means they had little incentive to work past this age. Selin (2017) shows that an individual with median earnings who chose to work an additional year at age 63 lost benefits amounting to 71% of the current wage after discounting (the benefit accrual). In comparison, a private sector worker of similar age and with similar earnings faced a positive accrual rate of 10%. Broad categories of workers had a NRA of 63, including personal care workers, nurses, pre-school teachers, restaurant service workers, and cleaners.
In 1998 a new agreement, PFA98, was signed for Swedish local government workers. The most important change was that the NRA was set to 65 for all local government workers. This was achieved by introducing equal early retirement penalty rates for all occupations. The new penalty rates implied that the pension was reduced by 0.4% per month of retirement before age 65. Rather than receiving a full benefit, retiring at age 63 as compared to 65 now implied a substantial benefit reduction of 9.6% (0.4*12*2 = 9.6).
The reform implied a partial shift from defined benefit to defined contribution. 5 This meant that the individual could always increase her pension wealth by postponing retirement until the age when she was obliged to retire or until no more pension rights could be earned. The shift was part of a general trend in favor of defined contribution systems. Thus, when the public pension system was reformed, see Section 3.3 below, it was natural to adjust the rules of the pension plan for local government workers as well.
While the reform substantially increased the incentives to postpone retirement beyond the age of 63, it did not change the stock of already accumulated occupational pension wealth. The reason for this was a transition rule that would compensate workers in post-reform cohorts for potential benefit reductions due to the new rules. The pension wealth earned up to December 31, 1997, was converted into a life annuity that corresponded to the annual pension benefit that the individual would have received if she had retired by that date. Pension rights earned after this date were accredited the new pension plan. If the resulting pension from these two components was lower than the corresponding pension in the absence of a reform, workers received the difference from the employer. As a result, the pension wealth at age 65 was more or less unchanged for the transition cohorts. Importantly, workers who retired before 65 were not eligible for this compensation, which implies that the most important effect of the reform was to raise the NRA from 63 to 65 for workers who had a NRA of 63 in the pre-reform pension plan. Naturally, the transition rule also implied that the new DC component became relatively more important for younger cohorts.
The new PFA98 agreement came into effect on January 1, 2000, for those born in 1938 or later. Those born in 1937 and earlier were completely unaffected by the occupational reform and would still be covered by the old plan. The reform was implemented rather quickly and without much media coverage. 6 Local government workers could avoid the new rules by retiring prior to the implementation of the new pension plan on January 1, 2000. Given that the reform was agreed on in mid-1998, those born in 1938 and 1939 were given some room to retire under the old rules.
The public pension system and private sector pension plans
The first post-reform cohort in the empirical analysis, i.e., those born in 1938, are also the first cohort to participate in the new public pension system. The new system is notional defined contribution (NDC) and has been described by, e.g., Sundén (2006) . The 1938 cohort receives one fifth of its benefit from the new system and four fifths from the old system. Each cohort then increases its participation in the new system by 1/20, so that those born in 1954 will participate only in the new system (Hagen 2013) . Thus, the differences in financial incentives between adjacent cohorts are relatively small due to the gradual phase-in of the new pension system. Benefits from the new system were paid out for the first time in 2001, 3 years after it was legislated.
The 1938 cohort was also the first to be affected by the 2001 increase in the mandatory retirement age. Before 2001, most central agreements between trade unions and and employers' associations had a stipulated retirement at the 65th birthday. Workers could work past this age, but only if the employer approved. From 2001, mandatory retirement ages below 67 were no longer allowed to be agreed on. The new legislation affected both private and public sector employees and there seem to have been very small effects of the reform on labor force participation rates (Laun and Palme 2017) . This reform could, however, have affected the long-term trend towards increased labor force participation of 65-69-year-old females.
The control group is made up of private sector workers. There are two large occupational pension plans in the private sector: one for blue-collar workers (SAF-LO) and one for white-collar workers (ITP). The ITP plan was mainly defined benefit and the same rules applied to all birth cohorts studied in this paper. The SAF-LO plan, on the other hand, is a pure defined contribution scheme. The implementation of the SAF-LO plan in 1996 implied that blue-collar workers born between 1932 and 1967 were subject to special transitional rules. However, cross-cohort differences in retirement incentives are minor because of the long transition period. Importantly, all private sector workers in the relevant birth cohorts faced a normal retirement age of 65.
4 Methodological framework, data, and sampling
Methodological framework
The interest is in estimating the effects of the reform that raised the normal retirement age of those born in 1938 or later from 63 to 65. The measurements of health are drug prescriptions, hospital admissions, and mortality. I use the 1935-1937 cohorts to estimate the counter-factual health of those born [1938] [1939] [1940] [1941] [1942] . To take into account the potential differences in health at a given age across cohorts, I make use of female private sector workers in the same birth cohorts to estimate the potential cohort effect. Thus, for individual i in cohort j in sector s, the estimated difference-in-difference equation is written as: [1938, 1942] 
where y i,j,s is a health outcome, λ j denotes cohort-fixed effects and the vector X i,j,s is a set of control variables which include years of schooling, earnings, and previous sickness absence (see Table 4 for a complete list of controls).
LG s and CH j ∈ [1938, 1942] are dummy variables that equal 1 if individual i works in the local government sector and belongs to any of the post-reform cohorts, respectively. To account for differential trends in educational attainment/income, I also add interactions between years of schooling/income and cohort and years of schooling/income and local government. Differences in employment across the treatment and control group are captured by the term φ. The identifying assumption of the effect of the reform, δ, is that in the absence of the reform any trend in post-retirement health or utilization of health care should be the same for female local government employees and female private sector workers. This assumption is tested in Section 5.2. Importantly, there is information in the data which allows me to distinguish these workers from other workers in the local government sector who had a NRA of 65 both before and after the reform. I use the Swedish Standard Classification of Occupations (SSYK-96) to identify workers in occupations who had a NRA of 63. 7 Individuals who are observed working in any of these occupations between ages 61 and 63 are included in the treatment group. I identify workers with a NRA of 65 in the same way. If an individual is observed working in both occupation categories, I use the most recent observation to determine the NRA. SSYK codes are available from 1996, which means that those born in 1935 is the oldest cohort for whom occupation status is known at age 61. 8 I define someone as working in the private sector if she has not been employed in the public sector between ages 61 and 63. It is more difficult to determine private sector affiliation from the data. The data which contain the SSYK codes only contain a small representative sample of private sectors workers (around 23%). In contrast, the universe of public sector workers is included in this data.
Data on retirements
I make four restrictions to the sample of local government and private sector workers born between 1935 and 1942. First, because the affected worker categories in the local government sector were dominated by women, male workers are excluded from the analysis. In fact, only 3% of these workers are men. Second, I restrict the analysis to individuals registered as employed for 12 full months in the year of their 61st birthday. This restriction ensures that I observe at least one SSYK code for each local government worker. In order for the SSYK code to be reported, the individual must be employed during the "reference month," which typically occurs at the end 7 Standard för svensk yrkesklassificering . SSYK-96 is based on the International Standard Classification of Occupations (ISCO-88). 8 It is not possible to determine the NRA for all local government workers. The NRA cannot be determined for SSYK codes that map simultaneously to occupations with different NRAs. For example, pre-school teachers and after-school teachers have the same SSYK code (3310), but different NRAs. I therefore restrict the treatment group to workers in occupations where the SSYK code maps exclusively to a NRA of 63. Other associate professionals (3%) 34
Personal care and related workers (3%) 513
The first column reports the occupations in the local government sector that had a NRA of 63 before the reform (the treatment group). The third column reports the most common private sector occupations (the control group). The corresponding SSYK codes are listed in the second and fourth columns, respectively. The share of workers in each occupation are reported in parentheses. A worker is classified into an occupation if she is observed working in that occupation at any time between ages 61 and 63. The occupations are therefore not mutually exclusive. SSYK codes are only available for a representative sample of the private sector workers. The shares in this group are adjusted for sampling probabilities of the year. In effect, this restriction implies that the first month in which individuals are allowed to retire is the month in which they turn 62. It does not, however, rule out part-time work. A part-time worker might well be registered as employed for 12 full months in a given year. At age 61, the sample of local government workers are approximately evenly split between working full-time, more than 75% but less than full-time, and less than 75%, respectively. Third, I restrict the sample to individuals who have 5 years of consecutive employment prior to age 61 (at any work place). 9 Finally, I also exclude individuals who are registered as self-employed at some point between ages 61 and 63. The final sample consists of 133,026 individuals of whom 57,415 are local government workers. Table 1 reports the distribution of workers in the most numerous worker categories, and the corresponding SSYK codes, in the treatment and control group, respectively. The majority of the treatment group work within personal care. These include childcare workers, assistant nurses, home-based personal care assistants, and dental nurses. Other important worker categories in the treatment group are restaurant service workers, nursing professionals, and cleaners. The number of worker categories in the control group is larger since it includes both blue-collar and white-collar workers in the private sector. The most numerous worker categories in the control group (2)- (5) show the share of these workers in different occupations, broken down by ISCO 2-digits and country/region (Germany, EU-15, Sweden, and the UK). Columns (6)-(9) report the fraction working full-time by occupation and country. The 2-digit versions of the treatment group occupations are marked in italics. I only report results for occupations that employ more than 1% of the population of interest in each country/region are blue-collar jobs, including salespersons, plant and machine operators, manufacturing laborers, and craft workers. White-collar workers are foremost represented in the categories "other associate professionals" and "professionals" while "clerks" include both. Three of the treatment group occupations are found in the control group, too (personal care-related workers, restaurant service workers, and helpers and cleaners). The treatment group occupations listed in Table 1 employ a significant share of working-age women in Sweden. The first four occupations all belong to the top 20 occupations that employ the most women, where personal care and related workers consistently rank as number one. 10 These occupations are also important in other countries. Using data from the 2003 wave of the European Union Labour Force Survey, Table 2 reports the fraction of employed women aged 15 or above working in different occupations for a selected number of countries as well as EU-15. We see that these four occupations (at the 2-digit level) together employ around 30-40 percent of the female work force in each country/region. Table 2 also shows that the fraction of workers who work full-time within each occupation in Sweden is similar as in other countries. Both these things strengthen the generalizability of the results of this paper.
The retirement definition reflects the month in which an individual retires completely from the work force. This definition uses records of employment spells, which are obtained from the Register-Based Labor Market Statistics (RAMS). The information in RAMS is based on reports that all employers submit to the Swedish Tax Agency. For each employee, the employer must report how much wages and benefits have been paid out, how much taxes have been drawn and, most importantly, during which months the employee has been employed at the firm. This information allows me to infer in what month and year an individual exits the labor market. The decision to retire is equated with the month in which the individual's last employer reports the employment contract to be officially ended. The outcome variable in the first-stage analysis on the retirement effects of the reform is defined as the number of months an individual is registered as employed between ages 62 and 68. The upper limit of age 68 is chosen because it is the oldest age to which the youngest cohort can be tracked. 11 I use two alternative measures of retirement. According to the first alternative definition, individuals who receive a positive amount of occupational pension income are classified as retired. The second definition is income-based. According to this definition, the individual retires the year before her annual earnings fall below 1 price base amount (≈ USD 5900 in 2010). I use the record-based definition of retirement as my main definition of retirement because it much better captures the individual's actual exit from the labor force than the other two. Yearly fluctuations in income due to e.g. sickness or part-time work might cause individuals to cross the incomebased threshold of retirement at multiple occasions. Moreover, an individual who has started to collect pension income might still work. Occupational pension benefits can typically be withdrawn if the hours of work are reduced accordingly, and the new public pension puts no restriction on the amount of work individuals can work while collecting pension. One potential drawback of the record-based definition is that too much emphasis is put on economically unimportant spells of employment after the individual has quit her "real" job. However, as we will see, the reform caused a significant movement in the mass of retirements at the age at which we would expect to the see the largest effects, i.e., age 63. In addition, all three definitions produce similar effects on the retirement age.
Data on health care utilization and mortality
I study mortality outcomes and two major types of health care utilization: hospitalizations and purchase of prescription drugs. Three register-based data sources are used for this purpose.
The analysis of drug prescriptions are based on data from the Prescription Drug Register, which contains information about all over-the-counter sales of prescribed medical drugs between 2005 and 2009. For each occasion when a prescription drug was bought, the data contains detailed information about the Anatomical Therapeutic Chemical (ATC) code of the drug, and the number of defined daily doses (DDDs) purchased over the entire period. The analysis of mortality is based on information from the Cause of Death Register. Causes of death are classified using the International Classification of Diseases (ICD). Hospitalizations are studied using information about inpatient care available in the National Patient Register. 12 For each hospitalization event, the register has information about the arrival and discharge date, and diagnoses codes in ICD format. Inpatient records exist from 1964 to 2010, while the mortality data ends in 2011.
The analysis focuses on the extensive and the intensive margins of health care utilization. For the extensive margin, I define a set of binary outcome variables that equal 1 one if the individual is prescribed a non-zero quantity of drugs or is hospitalized for at least one night during a pre-specified time period. The intensive margin outcome variables for drug prescriptions are given by the product of the DDD per package and the number of prescribed packages, summed over the years [2005] [2006] [2007] [2008] [2009] for each individual (expressed in thousands). Information on the number of days spent in hospital is used to construct intensive margin outcomes for inpatient care. The intensive margin adds important variation to the quantity of consumed health care, especially for individuals with previous records of health care utilization.
Because the different health registers cover different years, the pre-specified time period over which health outcomes are defined will vary across the type of health event. The mortality data ends in 2011, which means that the maximum age up to which all cohorts can be tracked is 69. The outcome variable is thus set equal to 1 if the individual died before reaching this age. The hospitalization outcomes are based on an individual's hospital admissions between ages 65 and 68. Age 65 is chosen as the lower age limit because our primary interest lies in estimating the effects on health care utilization after the individual is retired. Finally, all drug outcomes are based on prescriptions made between 2005 and 2009.
A concern with using health care data is that the utilization of health care might reflect other factors than the need for health care. One such factor is ability to pay. In principle, receiving care must not be influenced by the ability to pay since most medical service expenses in Sweden are covered by taxes. There is, however, evidence that there exists pro-rich inequity in the utilization of health care (Van Doorslaer et al. 2000; Van Doorslaer et al. 2004) . I diminish this risk by studying both the purchase of prescription drugs, where such inequity is likely to play a role, and outcomes severe enough to require hospital inpatient care. Another potential factor are differences in time availability between retirees and workers. Those who work longer as a result of the reform face a higher non-monetary cost of seeking health care. To make sure that the treatment and control group face similar time constraints, I focus on health care received after the age of 65 when most individuals are retired. 13 Again, focusing on severe outcomes that either require inpatient care or lead to death should also play down the importance of help-seeking behavior associated with time availability. Table 3 shows descriptive statistics for pre-and post-reform cohorts for the treatment and control group, respectively.
Descriptive statistics
The first row shows that post-reform cohorts in the treatment group retire about 5.4 months later than the pre-reform cohorts. The corresponding difference in the control group is very small, which yields a raw difference-in-differences estimate of 5.3 months. This is strong preliminary evidence that the reform had a positive impact on the retirement age. The second and third rows show that similar results are obtained for the two alternative measures of retirement. Since these definitions are measured at the yearly level, the raw difference-in-difference estimate in the second row of 0.56 reflects an increase in the claiming age of more than 6.5 months. The income-based definition of retirement reflects a smaller, yet sizable, effect of about 3 months. 14 Table 3 shows that the two groups are similar in terms of several background characteristics, including marital status, the probability of having children (of any age) at home and immigrant status. The two groups also have similar pre-retirement health status. Sickness absence, measured as the number of years an individual has been absent from work for more than 14 consecutive days between ages 56 and 60, is only marginally higher in the treatment group, just like the probability of having been hospitalized during the same period. 15 Differences apply mainly to education level and pre-retirement earnings. Local government workers have, on average, 0.5-0.6 years more of schooling and somewhat higher pre-retirement earnings than the private sector workers. The income distribution of the local government workers is, however, more compressed. 13 The only case where I track health outcomes before the age of 65 is drug utilization for those born in 1941 and 1942 (the prescription data starts in 2005). 14 Individuals are allowed to be retired from the age of 56 according to these definitions, which helps explain why the average retirement ages implied by these definitions are lower than the average retirement age implied by the main definition. The sample restrictions explained in Section 4 apply nonetheless. 15 Specifically, our measure of sickness absence is the number of years the variable "sjukpp" in the LOUISE database takes on a non-zero positive value between ages 56 and 60. "Sjukpp" includes sickness benefits that are paid out by the Swedish Social Insurance Agency (Försäkringskassan). The Social Insurance Agency is responsible for paying out sickness benefits to individuals who have been sick for more than 14 consecutive days. Turning to our health outcomes, we see that around 30% of the local government workers are hospitalized for at least one night between ages 65 and 68. The private sector workers exhibit very similar hospitalization rates. The differences amount to less than 1% point. The two groups are also similar with respect to drug purchase. More than 90% of the individuals in the pre-reform cohorts are prescribed a non-zero quantity of drugs between 2005 and 2009. Around 40% are prescribed mental drugs. Note, however, that the cross-cohort decline in drug purchase and hospital admissions is larger in the treatment group than in the control group (as indicated by the diff-indiff estimator in column (7)). The opposite pattern is seen for our two measures of mortality, i.e., the probability of being dead by the age of 69. In sum, it is difficult to draw any conclusions about the existence of an effect of the reform on mortality and health care utilization based on these raw difference-in-difference estimates.
Analysis
In this section, I first show the impact of the reform on the retirement age. The parallel trends assumption is tested in Section 5.2. The main results for health care utilization and mortality are presented in Section 5.4 and Appendix A.3 analyzes heterogeneous treatment effects.
The impact of the reform on retirement
We know from the descriptive statistics in Section 4.4 that post-reform cohorts in the treatment group retire more than 5.3 months later than the corresponding birth cohorts in the control group. This section aims at quantifying the impact of the reform on retirement in more detail.
The retirement effects of the reform are perhaps best illustrated in a histogram. Figure 1 shows the retirement distribution for pre-and post-reform cohorts in the treatment group. Most evident in the left-most panel is the spike of retirements around age 63. The spike around 65 is also pronounced, which means that many workers continue to work past the age at which they become entitled to full pension benefits. The two oldest post-reform cohorts, i.e., those born in 1938 and 1939, seem to retire later than the pre-reform cohorts, but the spike around 63 is only marginally smaller. Remarkably, it almost vanishes for the 1940-1942 cohorts. These graphs provide clear evidence that the reform increased the actual retirement age.
I proceed by estimating the difference-in-difference Eq. 1 with the number of months employed between age 62 and 68 on the left-hand side: [1938, 1942] Table 3 for more information on the sample of analysis The common treatment effect,ψ, is presented in column (1) of Table 4 . Column (2) presents the results when we allow for heterogeneous effects across birth cohorts, i.e.: [1938, 1942] 
The common treatment effect amounts to 4.5 months and column (2) shows that this effect is largely driven by the youngest cohorts. For example, those born in 1942 retire more than 6.2 months later than the pre-reform cohorts as compared to 1.4 months for those born in 1939. Column (1) shows first-stage estimates from Eq. 2 and columns (2) and (3) from Eq. 3. Column (3) adds two pre-reform interaction terms between cohort j = 1935, 1936 and the local government dummy to the specification in column (2). Robust standard errors in parentheses. Dependent variable: number of months employed from age 62 to 68. Estimated using OLS. Dependent variable right-censored at 72 (age 68). All regressions include cohort-fixed effects, regional dummies, and dummies for month of birth. Additional control variables are the log of the average of yearly earnings between ages 56 and 60, the log of the standard deviation of yearly earnings between ages 56 and 60, number of years of schooling, dummies for immigrant status and having children at home, the number of years with more than 14 consecutive days of sick leave between ages 56 and 60, and interactions between schooling years/income and cohort and schooling years/income and local government. ***, **, * denote statistical significance at the 1, 5, and 10% levels, respectively. See Table 3 for more information on the sample of analysis How can we be sure that this movement in the retirement mass is not only the result of a general trend towards longer working lives? Figure 2 shows retirement distributions for the control group. Except for a slight decrease in the mass of retirements at ages 62 and 63, little seems to happen across these birth cohorts. I also estimate pre-reform trends for the retirement age in a similar fashion as for health in the previous section. Column (3) of Table 4 reports the estimation results after adding two interaction terms between pre-reform cohort j = 1935, 1936 and the local government dummy to the specification in column (2). The estimated coefficients imply that local government workers born in 1935 and 1936 retire 0.5 and 1.1 months earlier than those born in 1937, respectively, accounting for the corresponding change in the control group. The coefficient for the 1935 cohort is significant at the 10% level while the coefficient for the 1936 cohort is insignificant. These results support the interpretation that the first-stage effects are the result of the reform itself rather than a differential underlying trend in retirement age between the treatment and control group.
There are several plausible explanations for the between-cohort differences in labor supply response observed in columns (2) and (3). First, if norms adjust slowly in response to a change in the NRA, we should expect the labor supply adjustments to increase over time. In this specific case, though, the importance of norms should not be exaggerated. Sixty-five was already the NRA in all other major occupational Table 3 for more information on the sample of analysis pension plans as well as in the public pension system. Second, an immediate adjustment in response to changes in incentives could be prevented by adjustment costs or frictions (Gelber et al. 2013) . Although the financial incentives to retire before 65 changed very quickly with the reform, there might be large non-financial costs of changing the retirement plans on short notice. Such costs should be higher for older cohorts that received news about the new rules just before they reached their intended retirement age. Table 13 shows the first-stage effects for the alternative retirement definitions. Columns (1) and (2) show that the reform also had a significant impact on claiming behavior. The common treatment effect of 0.49 translates into an increase in the actual claiming age of 5.9 months. The income-based definition of retirement yields an estimate of 0.37 years or 4.4 months. Again, we see that the effect is driven by the youngest cohorts. Thus, these results verify that the reform effect on employment is robust to various definitions of retirement.
Can we say something about the characteristics of those who postpone their retirement date as a result of the reform (commonly referred to as the "compliers")? Following Angrist and Pischke (2008) , Table 5 reports the relative likelihood a complier has the characteristic indicated in the column heading. We see that compliers are relatively similar to other individuals in terms of marital status, pre-retirement income level and work amount (part-time vs. full-time). Instead, compliers are more likely to be in worse health (as measured by sickness absence and hospitalizations prior to the age of 60). They are also more likely to have a retired spouse than other married individuals, which provides evidence in favor of the complementarity-inleisure hypothesis. Finally, compliers are less likely to have finished only elementary school.
Identifying assumption
The parallel trends assumption implies that the outcome variable evolved in the same way in the treated group as in the control group in absence of the reform. Figure 3 plots series of average outcomes for the treatment and control group before and after the reform for the main health measures. The two top panels show that the probability of being prescribed a non-zero quantity of prescription drugs and the total purchase of drugs evolved similarly for pre-reform cohorts in the two groups. The lower panels show that post-retirement hospitalization and mortality rates also seem to satisfy the 1935 1936 1937 1938 1939 1940 1941 1942 Any drug 40 45 50 55 1935 1936 1937 1938 1939 1940 1941 1942 Nr of DDDs, all drugs . 35 .4 .45 1935 1936 1937 1938 1939 1940 1941 1942 Any mental drug 1 1.5 2 2.5 1935 1936 1937 1938 1939 1940 1941 1942 Nr of DDDs, mental drugs .2 .3
.4 1935 1936 1937 1938 1939 1940 1941 1942 Hospitalized (yes/no) ages 65-68 2 4 6 1935 1936 1937 1938 1939 1940 1941 1942 Hospital days .03.04.05.06 1935 1936 1937 1938 1939 1940 1941 1942 Mortality by age 69 Fig. 3 Comparing the treatment and control group. This figure plots the means and the corresponding 95% confidence intervals of the main health outcomes by cohort and treatment status. Solid and dashed lines refer to the treatment and control group, respectively. The confidence interval is obtained by regressing each health outcome on a constant, separately by cohort and treatment status. Number of DDDs are expressed in thousands parallel trends assumption. It is also reassuring that the levels are similar across the two groups. We can test the parallel trends assumption more formally by estimating prereform trends in the difference-in-difference framework. Specifically, I extend Eq. 1 by adding two interaction terms between the local government dummy and cohorts j = 1935, 1936. For the parallel trends assumption to hold, the estimated δ j coefficients for these two cohorts should be close to zero and insignificant. Table 6 reports the estimation results for the health outcomes shown in Fig. 3 . There are 14 estimates in total and only one of them is significant (at the 10% level). This supports the assumption that health developed similarly in the treatment and control group prior to the reform.
As mentioned in Section 3.2, the 1938 and 1939 cohorts could avoid the new rules by retiring prior to the reform. Such anticipatory behavior might be a problem to the identification strategy if it changed the composition of the treatment and control group in a way that is related to health. The preferred way to test for this would be to apply a similar DD framework as in the main analysis and look specifically at retirement behavior at ages 60-61 for the affected cohorts. However, a simultaneous reform in the public pension system makes such an analysis difficult. In 1998, the minimum claiming age in the public pension system was raised from 60 to 61 (Palme and Svensson 2004) . As a result, individuals born in 1938 had to wait an Tables 3 and 4 for more information on the sample of analysis and controls. Robust standard errors in parentheses. ***, **, * denote statistical significance at the 1, 5, and 10% level, respectively additional year before they could claim public pension benefits. In contrast to private sector workers who were directly exposed to the new minimum claiming age, local government workers were unaffected by this reform as long as they retired under the pre-reform rules. Thus, we would not know to what extent a DD estimator would reflect anticipatory behavior among local government workers on the one hand, and later retirement among private sector workers on the other. Instead, I do two things to deal with this issue. First, by conditioning on being employed for 12 full months in the year of their 61st birthday, I exclude most individuals who potentially retire in anticipation of the reform. Second, I test whether the results are robust to excluding the 1938 and 1939 cohorts. These robustness tests, along with several others, are provided in the Appendix.
Income effects
One important aspect of estimating the health effects of reforms that promote later retirement is that these effects may operate through changes in lifetime income. 16 To illustrate the effect of the reform on lifetime income, I replace the dependent variable in Eq. 1 with log disposable income at age a and estimate it for ages a = 61, ..., 69. The difference-in-difference estimates from these regressions are shown in Fig. 4 . There is a positive and significant effect on disposable income of about 2-5% at ages 63-66, which corresponds to an annual increase in disposable income of SEK 3,500 to SEK 8,500. This reflects the increased labor supply at ages 63-64 and the corresponding difference between labor earnings and pension benefits. From age 67, 16 There is a large literature on the health effects of income loss due to unemployment (e.g. Black et al. 2012; Eliason and Storrie 2009a) . The direction of the income effect on health is not clear, however. Jensen and Richter (2004) show that an unexpected pension benefit reduction among Russian pensioners increased mortality, whereas Ruhm (2000) show that fatalities decline during recessions. Fig. 4 The effect on disposable income of the reform. This figure plots the coefficient estimates from the interaction term in a difference-in-difference specification of the effect of the reform on log disposable income at age a the effect is negative and barely statistically different from zero. Remember that the transition rule explained in Section 3.2 implied that the pension wealth at age 65 was more or less unchanged for the first post-reform cohorts. The conclusion from these results is that the income effects should be rather small and that potential health effects are more likely to operate through other channels.
The impact of the reform on health
The results from estimating Eq. 1 are presented in Table 7 . The reported coefficients measure the reform effect on each of the health outcomes given in the column headings.
I find no effect on the utilization of prescription drugs. The extensive margin outcomes in columns (1) and (3), i.e., the probability of being prescribed a non-zero quantity of any drug or any mental drug, respectively, are insignificant and close to zero. The same is true for the intensive margin results in columns (2) and (4). In relative terms, the effect sizes range between −0.5 and 1.55%. The estimates for inpatient care and mortality are also insignificant and close to zero. The coefficient in column (7) implies that the reform increased the probability of dying before the age of 69 by 0.16% points, which translates into a small relative effect of 3.68%.
Even if all estimates are insignificant, we cannot rule out that later retirement has an impact on health. A key issue in ruling out effect sizes of important magnitude is the precision of the estimates. The extensive margin drug and hospital outcomes are estimated with high precision. The relative effects associated with the 95% confidence intervals consistently range within a few percentage points around zero. The Tables 3 and 4 for more information on the sample of analysis and controls. Robust standard errors in parentheses. ***, **, * denote statistical significance at the 1, 5, and 10% levels, respectively intensive margin results have lower precision. For example, the 95% confidence interval of the estimate for the number of hospital days in column (6) corresponds to relative effects of −12.9 to 6.3%. For mortality by age 69, the corresponding interval ranges from −7.4 to 14.8%. Given that only 4.4% of the individuals in the sample are deceased by age 69, it comes as no surprise that the standard error of the mortality estimate is quite large. I come back to the issue of precision in Section 9. Next, I explored in detail the diagnoses codes to see whether the small effects on health care utilization and mortality mask any heterogeneous effects with respect to the hospitalization cause. I examine five medical causes based on their known relationship with retirement in the previous medical and health-economic literature. These include heart disease, cerebrovascular disease (stroke), diseases of the musculoskeletal system, lifestyle diseases (diabetes and alcohol/tobacco related diseases) and mental health. Diseases of the circulatory system (e.g. hypertension, myocardial ischemia and stroke) can often be related to stress and are often caused by correctable health-related behavior, such as an unhealthy diet, lack of exercise, being overweight, and smoking. I therefore complement this analysis by examining health events that are directly related to alcohol and tobacco consumption as well as type 2 diabetes. 17 Diseases of the musculoskeletal system are included to investigate whether postponing retirement has an effect on physical body functions. The mental health category includes drugs that treat psychosis, depression, anxiety and sleeping disorders. This table presents intention-to-treat estimates of the reform on five cause-specific health indexes. I combine information on the type of drug, the medical cause for hospitalization, and the cause of death to create each health index. "Lifestyle" refers to alcohol-and tobacco-related health events and diabetes. See Table 11 for the aggregation of the ICD and ATC codes. A better health outcome is represented by a higher index value. The Estimation is performed using OLS. See Tables 3 and 4 for more information on the sample of analysis and controls. Robust standard errors in parentheses. ***, **, * denote statistical significance at the 1, 5, and 10% levels, respectively
Mortalities and hospital admissions are readily classified into each of these causes using the ICD codes. The ATC codes are then used to classify prescription drugs into categories that closely resemble the ICD classification. The aggregation of the ICD and ATC codes are described in Table 11 . 18 To mitigate problems with multiple hypothesis testing, I combine information on cause-specific mortalities and health care utilization to create health indexes for each of these medical categories. First, I invert each outcome so that a higher value represents a better outcome. Then, I standardize each modified outcome by subtracting the control group mean and dividing by the control group standard deviation. Finally, I take an equally weighted average of the standardized outcomes. Table 8 presents the  estimation results. Again, the overall result is that the reform had no impact on post-retirement health. The only statistically significant coefficient is the coefficient related to cerebrovascular disease (significant at the 10% level). Because a higher index value indicates a better outcome, the positive estimate implies that the reform reduced health problems related to cerebrovascular disease. This results suggests that continued work at older ages might provide individuals with better opportunities to preserve a healthy lifestyle than retirement since many of the risk factors for cerebrovascular disease are related to lifestyle. However, this result should be interpreted with caution because there is no direct effect on diabetes and alcohol/tobacco related diseases.
The effects of retirement on health
Up until now, I have focused on the effects of the reform on health (i.e., the intentionto-treat effect). However, as discussed in Section 2, previous studies have focused on the effects of retirement on health. To better relate to these studies, I estimate the health effects of postponing retirement in an Instrumental Variable framework, where the endogenous employment variable is instrumented by several interaction terms between being born in 1938 or later and working in the local government sector. This means that I estimate the causal effect for those individuals who postpone retirement due to the reform, i.e., the compliers. Assuming heterogeneous effects of postponing retirement on health, the 2SLS estimator estimates the local average treatment effect (LATE) instead of the average treatment effect (ATE). The coefficient of interest reflects the reform effect on the number of months employed before exiting the labor market, comparing local government workers born in 1938 or later to private sector workers in the same birth cohorts. The 2SLS estimates for the main outcomes and the cause-specific health indexes are presented in Tables 9 and 10 , respectively.
The OLS estimates reflect the negative correlation that is typically observed between retirement age and health (those who retire early tend to be in worse health), but cannot be used to make any causal claims about the effect on retirement on health due to non-random selection into retirement. When health selection into retirement is controlled for, the negative relationship between retirement age and health disappears. All 2SLS estimates, but one ("any drug"), are statistically insignificant. These results are thus largely in line with the intention-to-treat effects.
As discussed previously, a key issue in ruling out effect sizes of important magnitude is the precision of the estimates. The 2SLS estimation allows me to compare the precision of the mortality estimates to those of two previous studies. The most comparable study is Hernaes et al. (2013) who investigate the mortality effects of lowering the early retirement age for a group of Norwegian workers using a similar difference-in-difference strategy as in this paper. They find that a 1-year increase in the actual retirement age results in a 0.2% point increase in mortality by age 70 (insignificant), which is somewhat smaller than what I find for mortality by age 69 (0.34% points). 19 The effects are, however, estimated with similar precision. Hernaes et al. (2013) report a 95% confidence interval that ranges from −0.78-1.18% points compared to −0.73 to 1.41 in this study. In another related study, Kuhn et al. (2010) find that the introduction of more generous early retirement rules for Austrian blue-collar workers had a significant effect on mortality among male workers, but no effect among female workers. For women, Kuhn et al. (2010) report that one additional year spent in early retirement results in a 0.02% point increase in mortality at age 67. The effect is thus very close to zero, but the confidence interval ranges from −1.84 to 1.88% points. 20 19 Multiply the 2SLS estimate for mortality in column (7) of Table 9 by 12 to express in number of years: 0.00028 × 12 = 0.0034 20 I conducted a number of sensitivity analyses of the main findings. These are described and presented in the Appendix A.2. The Appendix also has a section dedicated to the analysis of whether the reform had differential health effects on different types of workers. I analyze heterogeneous effects with respect to preretirement income, initial health, work amount (part-time vs. full-time), and marital status. The analysis confirms the overall zero result on health with a couple of interesting exceptions. First, individuals with low income are more likely to suffer from heart-related disease and stroke compared to individuals with high income. Low-income individuals, on the other hand, fare significantly better in terms of musculoskeletal disease. Finally, individuals with records of sickness absence prior tor retirement are less likely to be prescribed mental health drugs than individuals with no such records.
Table 9
Results from the estimation (OLS and 2SLS) of linear regression models of health care utilization and mortality on employment Tables 3 and 4 for more information on the sample of analysis and controls. Robust standard errors in parentheses. ***, **, * denote statistical significance at the 1, 5, and 10% levels, respectively Tables 3 and 4 for more information on the sample of analysis and controls. Robust standard errors in parentheses. ***, **, * denote statistical significance at the 1, 5, and 10% levels, respectively
Conclusion
I have empirically studied the consequences of a 2-year increase in the normal retirement age for Swedish local government workers on subsequent health. Before the reform, which took place in 2000, the age at which the affected workers could claim full benefits was 63. Because the new rules applied to individuals born in 1938 or later, I use birth cohort variation for identification. To control for secular trends in schooling, health care technology and general period effects I use female private sector workers as the control group. The analysis is restricted to women because there were very few men in the largest worker categories that were affected by the reform, which include personal care-related workers, nursing professionals, cleaners and restaurant service workers. These occupations belong to the most common occupations for women both in Sweden and many other European countries. Health outcomes are measured using detailed individual-level administrative data on drug prescriptions, hospital admissions, and mortality. I focus on the extensive and intensive margin of health care utilization, i.e., the prevalence and total utilization of inpatient care and drug prescriptions during a pre-specified period of time. I study the effect on individuals' drug prescriptions between 2005 and 2009, hospital admissions between ages 65 and 68 and mortality by age 69.
The results show that the reform increased the actual retirement age by 4.5 months, on average. More importantly, the results show that the reform had no impact on the overall utilization of health care, nor on mortality. The results are supported by several robustness tests and are also similar for the group of compliers (those who actually work longer due to the reform). The zero result applies to several cause-specific health indexes as well with one exception; the probability of being treated for cerebrovascular disease (stroke) decreased as a result of the reform. This result suggests that continued work at older ages may provide individuals with better opportunities to preserve a healthy lifestyle than retirement. However, because there is no direct effect on diabetes and alcohol/tobacco related diseases, this result should be interpreted with caution.
The findings of this paper have timely and direct policy implications. The results suggest that raising retirement age thresholds would not have a serious impact on short-to medium-term health outcomes. The external validity of the results could very well be questioned given that we focus on Swedish women in low-to mediumpaid public sector jobs. Although a select group, the features of their pension are similar to those of many other sector-specific pension plans. Moreover, since various discussions of increasing the retirement age thresholds deal primarily with the concern that such increases could adversely affect individuals in low-skilled jobs, this focus could also be considered a strength. To gain insight into to what extent the results can be generalized to male workers we turn to previous studies. Among the studies reviewed in Table 12 that investigate gender heterogeneity, a majority find no significant differences in health outcomes between men and women. Moreover, studies that use a reform-based approach suggest that the potential gender differences are likely to be small or even zero (see, e.g., Hernaes et al. 2013; Atalay and Barrett 2014; de Grip et al. 2012) . A similar picture is acquired from the related literature on the health effects of job loss. Using data on all establishment closures in Sweden in 1987 and 1988 , Eliason and Storrie (2009b find no considerable gender disparities in the health effects of job loss. The point estimates for mortality also indicate a similar (positive) impact for both sexes (Eliason 2014) .
The result that postponing retirement has no effect on the overall utilization of health care contrasts the general result from studies that study the health effects of targeted early retirement offers. In a related paper that uses similar data on hospital admissions as this paper does, Hallberg et al. (2015) report that the introduction of a generous early retirement program for Swedish army employees reduced the number of days in hospital between ages 61 and 70 by more than 40%. That the results differ might at first not appear surprising given the characteristics of the populations of interest. Female local government workers might simply deal with retirement in a fundamentally different way than male army employees. However, even if we would concentrate on a uniform group of workers, the health implications of targeted early retirement offers may still be different from those of strengthened financial incentives to work longer as workers who retire as soon as they are eligible to claim a pension are likely to be different from those who continue to work until the age at which they can claim a full pension. This could explain why Atalay and Barrett (2014) , who study the health effects of increasing women's early eligibility age in Australia, find evidence in line with the studies that look at early retirement offers. One should therefore be careful when using evidence from reforms that affect the early eligibility age to evaluate the potential health effects of measures that prolong the careers of older workers, and vice versa. Tables 3 and 4 for more information on the sample of analysis and controls. Robust standard errors in parentheses. ***, **, * denote statistical significance at the 1, 5, and 10% levels, respectively
Appendix
A.1 Differential trends in work environment
One potential threat to the parallel trends assumption is if the reform coincides with differential trends in occupation-specific work environment. One concern for the existence of differential trends in work environment between public sector and private sector occupations is the large scale retrenchment of the public sector that followed the financial crisis that unfolded in the early 1990s (Angelov et al. 2011) . While the effect on private sector employment was large and immediate, the effect on public sector employment was more protracted (Lundborg 2001) . If the work environment deteriorated across cohorts in the treatment group as a result of this, and there was no corresponding decline in the control group, we might capture effects on post-retirement health that are not only due to continued work, but to changes in work environment, too.
I do two things to investigate this issue. First, I look at occupation-specific sick leave patterns for women around the reform. Using data from the Social Insurance Agency, the upper panel of Fig. 5 plots the fraction of female workers that were absent from work for more than 60 days in a given year for five important worker categories. Personal care workers, the most numerous worker category in the treatment group, exhibit much higher absence rates than the other worker categories, but the trends look similar. The trends are also similar when we look at the average number of sick leave days, as can be seen from the lower graph in Fig. 5 .
Second, I compare sick leave patterns of younger workers in the treatment and control group occupations in the years surrounding the reform. The advantage of this approach is that younger local government workers' sick leave patterns should be unrelated to the pension reform itself, yet indicative of the work environment situation. For each year between 1996 and 2005, I sample all women aged 45-50 who are either observed working in any of the treatment group occupations listed in Table 1 or in the private sector. Here, an individual is defined as working in the private sector if she is neither self-employed nor working in the public sector. Figure 6 plots the fraction of individuals with more than 14 consecutive days of sick leave in each of these two groups. Re-assuringly, we see that the sickness absence rates evolve similarly both in the years prior to and after the reform. Table 1 ) and in the private sector, respectively. The dip in 1997 is the result of a temporary increase in the number of consecutive days an employee had to be sick in order to receive sickness benefits from the Social Insurance Agency rather than the employer. Between January 1, 1997 and March 31, 1998, the 14-day period was extended to 28 days. Since employer-provided sickness benefits are not observed in the data, sickness rates are lower during this period by definition
A.2 Robustness tests
I conducted a number of sensitivity analyses of the main findings. First, I check whether the hospitalization and prescription results are robust to including individuals who died during the follow-up period. Second, I exclude individuals born in 1938 and 1939 who had the possibility of avoiding the new pension rules by retiring early (see Section 5.2). If individuals in bad health truly retired early in order to avoid the new rules, there is an overrepresentation of healthy individuals in the 1938 and the 1939 cohorts in the treatment group which could explain why we find non-negative health effects of postponing retirement. Third, I test whether the results are sensitive to the exclusion of control variables. The results for the main health outcomes and the cause-specific health indexes are presented in Tables 14 and 15 , respectively. Re-assuringly, the two former tests produce results that are very similar to the main results. Excluding the control variables has an impact on two health outcomes; the probability of being prescribed a non-zero quantity of any drug, which is now Tables 3 and 4 for more information on the sample of analysis and controls. Robust standard errors in parentheses. ***, **, * denote statistical significance at the 1, 5, and 10% levels, respectively negative and significant, and the health index related to cerebrovascular disease, which is now insignificant. However, the magnitude of the point estimates are fairly similar to the main estimates and the remaining health outcomes are not sensitive to the exclusion of controls. Table 14 includes two additional robustness tests. First, column (6) reports the effect on the number of hospital days using Poisson regression. Binomial regression is more appropriate than OLS when the outcome variable is a count variable, i.e., restricted to be positive and also right-skewed. Second, to verify that the insignificant results for mortality do not merely result from the linear probability framework, I supplement the analysis with an estimate from a duration model. Column (7) reports the hazard ratio of the reform on the conditional probability of dying, based on a discrete-time Cox regression model. Both tests yield results that are similar to the main results. Tables 3 and 4 for more information on the sample of analysis and controls. Robust standard errors in parentheses. ***, **, * denote statistical significance at the 1, 5, and 10% levels respectively
A.3 Heterogeneous treatment effects
This section analyzes whether the reform differentially affected different types of workers. Figures 7 and 8 plot difference-in-difference estimates and the corresponding 95% confidence intervals of the effect of the reform on the cause-specific health indexes and mortality by age 69. Consequently, the effect is not significant at the 5% level if the confidence interval includes zero. I report p values from an interaction model that test whether the estimated difference between two subsamples is statistically significant. Specifically, I re-estimate the difference-in-difference Equation (1) and interact each right-hand side variable with a dummy for belonging to a certain subsample. The p value of the interaction term between the group dummy variable and the DD estimator then indicates whether the reform had a differential impact on the two groups. I first estimate the model separately for individuals with income below and above the median of pre-retirement income. Individuals with low income are more likely to have had more physically demanding jobs than individuals with high income. Retiring from such jobs may imply a larger reduction in work-related strain and better health outcomes. 21 However, for many individuals, work-related activities may constitute the primary form of exercise and physical activity. If the prevalence of Effect heterogeneity by income, work amount and health. The figure shows the difference-indifference estimates for the effect of the reform on the cause-specific health indexes and mortality by income level and health status. The dots mark the point estimates and the lines provide 95% confidence intervals. The brackets above each health outcome report p-values from an interaction model that tests the equality of the coefficients between two subsamples engagement in physical activity is similar or lower for individuals with physically demanding jobs, retirement could lead to more adverse health effects for these workers. 22 Continued work would then help preserve the health of individuals with demanding occupations. The results show that there is some effect heterogeneity along the income dimension. Two out of six coefficients are statistically significant from zero, but there is no clear pattern which group fares better than the other. While low-income individuals have significantly better outcomes with respect to musculoskeletal disease, they fare worse in terms of heart disease. One interpretation of this result could be that continued physical activity benefits individuals in low-paid jobs more, but at the same time put them at increased risk of having heart problems. These differences cannot be attributed to differences in labor supply responses to the reform as indicated by Table 5 .
Next, I investigate effect heterogeneity with respect to work amount (full-time vs part-time). I classify local government workers as working full-time if they are observed working more than 75% between ages 61 and 63 (otherwise part-time). Because information on part-time/full-time work for private sector workers is limited, I include all private-sector workers in the regressions. Only one health outcome shows significant effect heterogeneity by work amount: part-time workers are more likely to be treated for heart-related disease as a result of the reform compared to full-time workers. We know from the complier analysis in Table 5 that any differential effect on health is unlikely to be driven by differences in labor supply response to the reform.
I also check for effect heterogeneity with respect to ex-ante health status. Individuals in bad health might suffer more if the existing health problems accelerate the health decline that follows from additional work. However, if individuals in bad health have less opportunity to invest in their health after retirement, they might benefit more from continued work relative to individuals with better ex-ante health status. My measure of ex-ante health status is based on whether the individual was on sick leave for at least 14 consecutive days in any year between ages 56 and 60. Based on this definition, close to 50% are classified into each subsample. Figure 7 provides little evidence of effect heterogeneity by pre-retirement health status. In most cases, the differences are quite small and also statistically insignificant. Moreover, even if the two mortality estimates have the opposite sign, none of them, as well as the difference between them, are statistically different from zero. Only the difference with respect to mental health is significant. Individuals in bad ex-ante health are prescribed less mental health drugs due to the reform compared to individuals in good health.
Finally, the health effects of continued work could also depend on marital status. Social support from a spouse may help to buffer various shocks associated with retirement, diminished social interactions in particular. 23 Furthermore, married individuals may obtain greater pleasure from retirement than non-married individuals if there is complementarity of leisure between spouses. Continued work should then be more beneficial for non-married than married individuals. However, the opposite case is also conceivable. Increasing the normal retirement age essentially implies that individuals have to work longer to achieve the same pension level. Receiving news about such a reform at short notice could cause mental stress, which may be better dealt with in the presence of a spouse. I also look at heterogeneity with respect to the retirement status of the partner. 24 The results from estimating the sample separately for married and non-married individuals, and separately for married individuals with and without a retired partner are shown in Fig. 8 . As for marital status, the estimates for married individuals reflect better health outcomes. However, p values from the interaction model imply that the two groups do not differ significantly with respect to any outcome. The differences in health outcomes with respect to the retirement status of the partner are also insignificant.
